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ABSTRACT 



Shrinkage is substantially reduced or eliminated in the 
x-y plane during co-firing interposing predominantly 
ceramic layer between predominantly glass layers in the 
green multilayer assembly. The ceramic is preferably 
aluminum nitride. 

20 Claims, 3 Drawing Sheets 
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poorly crystallized carbon fi.c, diamond-like). Very 

CO-FIRED MULTILAYER CERAMIC TAPES THAT preferably the multilayer green substrate assembly has 

EXHIBIT CONSTRAINED SINTERING each layer (b) containing on a glass plus ceramic basis 

from 90% to 70% by volume ceramic and from 10% to 

TECHNICAL FIELD 5 30% by volume glass. 

This invention is directed to multilayer substrates for , The product after sintering is a muJtU^er sutettate 

electronic and optoelectronic applications. for mounting of electronic or optoelectronic compo- 
nents. 

BACKGROUND OF THE INVENTION This product substrate comprises 

Ceramic substrates are employed in electronic pack- 10 (a) at least one layer which has a glass matrix and has 

aging applications. Multilayer substrates that are inter- a porosity from 0 to 10% by volume and contains from 

spersed with metallic connects are used to support and 0 to 60% by volume ceramic and from 100% to 30% 

wire several electronic or opto-electronic components glass; 

in order to construct a functional module. The state-of- (b) at least one layer which contains at least 60% by 

the-art in multilayer ceramic substrate technology has 15 volume ceramic particles with the remainder being any 

been represented by the IBM multilayer ceramic sub- combination of porosity and glass, 

strate as described in Blodgett, A.J., et al, IBM J. Res. Typically in the product substrate at least one of (a) 

Develop. 26, 1, pp. 30-36 (1982). The IBM multilayer or (b) or (a) and (b) is printed with a metal conductive 

ceramic substrate is prepared by laminating alumina pattern of lines and vias. 

ceramic tapes and screen printed metal pastes. This 20 Preferably the product substrate is self-supporting, 

"green" structure is then co-fired at approximately Each layer (a) of the product substrate typically has a 

1700* C. in a reducing hydrogen containing atmo- low dielectric constant and each layer (b) of the product 

sphere. The substrate shrinks in the x, y, and z directions substrate has either a low or high dielectric constant or 

during sintering, approximately 17% in each direction, ^ a resistor. In one embodiment a layer (b) has a very 

and such shrinkage in the x-y plane may cause interface 25 jjjgjj dielectric constant so as to provide opto-electric 

defects and delamination. properties. Each layer (a) can be.the same or different in 

The above technology has evolved so that glass or composition, depending on the application. Each layer 

glass ceramic dielectrics are being used in place of alu- (b) can be the same or different in composition, depend- 

mina to reduce the sintering temperature to less than mg on ^ application. 

1000° C. so that copper can be used for metallization. 30 fa ^ embodiment the product su bstrate is built on a 
Furthermore, attempts have been made to restrict x-y monolithic ceramic substrate of ceramic selected from 
shrinkage by attaching the dielectric tapes to a mono- carbidcs> nitrides, oxides and borides. 
lithic substrate before sintermg. In general, this restncts fa Qne t rf ^ mvent ion herein there is pro- 
the ability to co-fire multilayer assemblies. y . mcthod fof producing a x]S Ending substrate 
Tne present invention essenttaUy eliminates x-y plane 35 muItilayer ^rcmi. This method utilizes the con- 
shrinkage and the associated delamination without re- ^ casting, screen printing, stacking, 
quinng attachment to a monolithic substrate. lammating, drying and renToving organic binder to 
SUMMARY OF THE INVENTION provide a green multilayer assembly, and co-firing. The 

^^SJTiKI'S ' g Sf«0™oS» "J «»*lSw**k«. in the I-y , 

(b) at least one layer predominantly containing ce- glass on a ceramic ^ plus glass tosis) among predoim- 
ramic particles held together by an organic binder, said nanUy ghiss layers (100% to 60% by volume glass and 
ceramic particles being such as to remain rigid at sinter- 0 to 40% by volume ceramic on a glass p us ceramic 
ing temperatures and being such as to stabilize the sub- 50 basis) to stabilize the assembly against x-y plane shrink- 
strate against shrinkage in the x-y plane on sintering and age on sintermg. Sintering is earned out at a desirably 
to substantially constrain shrinkage on sintermg to the low temr^ture of ^ than 1000 C preferably in the 
z-direction; range of 800* C to 9(X) v so the glass fuses to produce a 

(c) at least one layer of (a) or (b) or (a) and (b) being product as described above. In this product, the glass in 
printed with a metal conductive pattern. 33 the glass layers fuses to form a matrix and can mffltrate 

Preferably the multilayer green substrate assembly into adjacent predominantly ceramic layers to provide 

has each layer (a) containing on a glass plus ceramic coherency and any glass in the ceramic layers fuses to 

basis at least 60% by volume glass (i.e., 100% to 60% by provide coherency in these layers. Preferably the green 

volume glass and 0% to 40% by volume ceramic on a multilayer assembly is built on a monolithic ceramic 
glass plus ceramic basis) and has each layer (b) contain- 60 substrate (preferably selected from the group consisting 

ing on a glass plus ceramic basis at least 60% by volume of nitrides, carbides, oxides and borides) to provide 

ceramic (Le. 100% to 60% by volume ceramic and 0% greater reliability by elimination of delamination and 

to 40% by volume glass on a glass plus ceramic basis) interface defects that otherwise result from shrinkage in 

and the glass has a sintering temperature ranging from the x-y plane. In one embodiment the co-firing (sinter- 
600° C to 1500' C, very preferably from 800* C. to 65 ing) is carried out under a pressure applied in the z- 

900* C, and the ceramic is selected from the group direction , e.g., provided by positioning a weight on the 

consisting of carbides, nitrides, oxides and borides, and green substrate assembly, in the range of 3 to 30 psi; this* 

very preferably is aluminum nitride, or is diamond or improves adhesion between layers and reduces the pbs- 
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sibihty of warping and in the embodiment where the vide the structure of FIG. 1, predominantly glass, pre- 

green assembly is built on a monolithic ceramic sub- dominantly ceramic and predominantly glass dried 

strate also improves adhesion between the multilayer tapes are formed into a stack which is pressed, and after 

assembly and the monolithic substrate. drying, binder is burned off. 

Glass as the term is used herein means a material that 5 The panicles sizes for glass particles typically range 
changes its viscosity continuously as the temperature is from 0. 1 to 100 microns, preferably from 1 to 20 mi- 
increased. This change in viscosity is characterized by crons. The particle sizes for ceramic particles typically 
the annealing point, the softening point, and the work- range from 0.01 to 50 sizes can be used to obtain higher 
ing point of the glass. packing densities in the green state. 

A ceramic as the term is used herein means a material 10 The glass particles should preferably have good wet- 

with a sharp melting temperature at which point the ting properties vis-a-vis the ceramic, 

material changes from essentially solid to essentially The ceramic particles can be, for example, alumina, 

liquid. silicon carbide, titanium boride, barium titanate, beryl- 

The expression "glass plus ceramic basis" is used lia, diamond, poorly crystallized carbon (diamond-like) 

herein to mean the percentages of the total of glass and 13 and preferably are of aluminum nitride. Any ceramic is 

ceramic with other components that may be present functional which is wetted by the glass without signifi- 

excluded. cant dissolution or sintering. The particular ceramic is 

The terms x-y plane and z-direction are used herein to selected according to the following functions: low di- 
mean respectively a horizontal plane and a vertical electric constant for fast interconnects (e.g., aluminum 
direction. 20 nitride or cordierite); high dielectric constant for capac- 
. , itors (eg., barium titanate); high thermal conductivity 

BRIEF DESCRIPTION OF THE DRAWINGS (Rg ^ride or diamond); resistor property 

FIG. 1 is a schematic representation of a microstruc- (vanadium pentoxide). 

ture of a multilayer green substrate with metallization The binders and solvents are represented by those 

omitted for simplification. 25 conventionally used for tape casting and are readily 

FIG. 2 is a schematic representation of microstruc- commercially available, 

ture obtained after co-firing the multilayer green sub- Turning now to FIG. 2, there is depicted the struc- 

strate of FIG. 1. ture resulting from co-firing of the structure of FIG. 1. 

FIG. 3 depicts in the middle portion in section a . As depicted in FIG. 2, there are three interdiffused 

green multilayer structure that is embraced by the in- 30 layers or portions 22, 24 and 2 wherein the glass parti- 

vention which optionally can be built on a monolithic cles have fused in all layers to provide a matrix for the 

ceramic structure depicted in section at the bottom and entire structure denoted 28 which surrounds the ce- 

in the top portion schematically depicts optional pres- ramie particles denoted as filled circles 30. The top and 

surization by the application of a load in the z-direction bottom layers 22 and 26 consist mainly of glass matrix 

during sintering. The x, y and z-directions are indicated. 35 and some ceramic particles and the middle layer 24 

FIG. 4 schematically represents in section a five layer. consists mainly of ceramic particles with a minor por- 

green substrate, the making of which is described herein tion thereof providing the glass matrix which holds the 

to demonstrate the operativity of the invention. middle layer together and binds it to the layers 22 and 

FIG. 5 is a graph of x-y line shrinkage versus time for 26. The layer 24 functions to constrain shrinkage to the 

a single layer of glass versus a multilayer structure ac- 40 z-direction. The sintering (co-firing) can be carried out 

cording to the invention. in a conventional sintering furnace. The sintering tem- 

In the figures the section lines for liquid indicate perature is determined by the softening point of the 

predominantly glass, the section lines for refractory glass and typically lies between the softening point and 

indicate predominantly ceramic and the section lines for the working point In a preferred embodiment herein 

metal indicate predominantly metal. 45 the sintering temperature ranges from 800* to 900* C. 

_____ ttmrvK1 and the glass composition is selected accordingly with a 
DETAILED DESCRIPTION particular glass structure for this range described here- 
with reference to FIG. 1, there is depicted a three after, 
layer green structure containing predominantly glass The three layer tape as depicted in FIG. 1 is just 
outer layers 10 and 12 and predominantly ceramic mid- 50 exemplary, and can be, for example, 5 or 7 or 9 layers 
die layer 14. The layers 10 and 12 consist of a major etc. alternating between predominantly glass and pre- 
portion of glass particles and some ceramic particles dominantly ceramic layers with the predominantly glass 
held together by organic binder. The layer 14 consists layers defining the.top and bottom surfaces. This green 
of a major portion of ceramic particles and some glass multilayer structure can be sold as an article of corn- 
particles held together with organic binder. The glass 55 merce for fabrication of functional multilayer electronic 
particles are depicted as lined circles 16 and the ceramic packages where the multilayer green tape as just de- 
particles are depicted as filled in circles 18 and the scribed is used in place of a conventional commercially 
binder is depicted as matrix material 20. available single layer tape for screen printing, via for- 

Each of the layers is made up in conventional fashion mation and stacking, 

by mixing appropriate quantities of glass particles and 60 As indicated in the above paragraph, the application 

ceramic, particles, organic binder and solvent, deaerat- of the invention herein can constitute a super-assembly 

ing and then tape casting on a polymer surface using a of a plurality of multilayer alternating predominantly 

doctor blade. Then the layers are dried in air and peeled glass/predominantly ceramic layers, 

from the polymer. The resulting dried tapes are stacked Turning to FIG. 3, there is depicted a green multi- 

and pressed under moderate pressure, e.g. 10 psi, and 65 layer fabricated assembly 32 containing predominantly 

slightly elevated temperature such as 80° C. After dry- glass layers 34; predominantly ceramic layers 36, metal 

ing, binder is burned off by heating in air in an oven at lines 38 and metal vias 40. The structure is readily made' 

200" to 300* C. for several hours. In processing to pro- by tape casting as described and screen printing to pro- 
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vide lines 38 and filling to provide vias 40 and stacking (a) at least one layer predominantly containing glass 

and aligning, pressing, drying and binder removal in particles held together by an organic binder, 

conventional fashion. The assembly 32 can be co-fired (b) at least one layer predominantly containing ce- 

either by itself or attached, e.g., by pressing, to a mono- ramie particles held together by an organic binder, 

lithic ceramic structure 42 as indicated by curly bracket 5 said ceramic particles being composed of ceramic 

44 whereby better reliability is obtained as described material which is wetted by the glass without sig- 

above. Where structure 42 is utilized, the ceramic can nificant dissolution or sintering, being such as to 

be any of those mentioned above and can be selected for remain rigid at sintering temperatures and being 

a particular function as described above. sach 25 to stabilize the substrate against shrinkage 

Depicted by reference numeral 46 is a load which can M m the x-y plane on sintermg and to substantially 

optionally be exerted downwardly as denoted by ar- constrain shrinkage on smtenng to the z^rection; 

rows 48 during the sintering process in order to reduce (c) at least one layer of (a) or (b) or (a) and (b) being 

warping as described above This can be carried out „ P™*ed with a mettd conductive pattern. 

simply by positioning a weight on the assembly 32 in * V* ****** °[ claun 1 r**™ < a) 

~fv J ^ c - . - ~ -ru~ :^,a^ „c ~L*«..~> 15 contains on a glass plus ceramic basis at least 60% by 

rSSr' ^ -o\umc glass therein each layer (b) contains on a 

In the above structures, the thickness of the predomi- ^ P Ius ceramic basis at least 60% by volume ce- 

nantly glass layers to Uie green state can typically range has a 

from 5 microns to 500 microns, and the thickness of the temp erature ranging from 600' C. tolSOO' C. 

predominantly ceramic layers, in the green state can » ^ Qf J^f wherein said glass has a 

typically range from 5 microns to 500 microns. When temperature ranging from 800- C to 900° C. 

used, the monolithic substrate 42 typical y has a thick- $ ^ Qf c] ^\ wherein ^ ccramic ^ 

ness greater than 01 mm; normally the thickness does ffom (he consisting of carbides, nitrides, 

not exceed 5 mm. The total thickness of the assembly in ^ ox jdes and borides 

the green state, without the monolithic substrate, typi- 6 Jhc sabstnX ^ of claim 5 whe rein said ceramic is 

cally ranges from 20 microns to 5 millimeters. aluminum nitride. 

Turning now to FIG. 4, a five layer green structure as ? ^ Pirate of claim 4 wherein said ceramic is 

indicated by reference numeral 50 contains alternating djamond or po 0r j V crystallized carbon, 

predominantly glass layers 52 and predominantly ce- 3Q g ^ substrate 0 f claim 2 wherein each layer (b) 

ramie layers 54. The layers 52 were constructed from contains on a glass plus ceramic basis from 10% to 30% 

100% glass on a glass plus ceramic basis with an aver- by vo i ume and from 90% to 70% by volume ce- 

age glass particle size of 5 microns. The glass had the ramie. 

following composition on a weight percentage basis: 9 A mu itil a yer substrate for mounting of electronic 

Si02 (56.8%) B2O3 (4.3%), AI2O3 (15.5%) CaO 35 or 0 pto-electronic components, said substrate compris- 

(10.0%), BaO (6.0%), MgO (6.9%) and AS2O3 (0.5%). mg 

The glass particles were obtained commercially. The ( a j al one ia yer which has a glass matrix and has 

layers 52 had a thickness of about 50 microns. The layer a porosity from 0 to 10% by volume and contains 

54 were constructed on a glass plus ceramic basis of from 0 to 60% by volume ceramic; 

20% by volume glass particles (same glass particles as 40 (b) a t least one layer which contains at least 60% by 

described above) and 80% by volume aluminum nitride volume ccramic particles with the remainder being 

particles having an average particle size of 1 micron and any combination of porosity and glass; 

a specific surface area of 3.8 inVg. The aluminum ni- the ceramic of (a) and the ceramic particles of (b) 

tride particles were obtained commercially. The layers being composed of ceramic material which is wet- 

54 had a thickness of about 100 microns. 45 ted by the glass without significant dissolution or 

The structure depicted in FIG. 4 was prepared using sintering, 

conventional tape casting, stacking, pressing, drying 10. The substrate of claim 9 which is self-supporting, 

and binder removal procedures. 11. The substrate of claim 9 which is built on a mono- 

The structure of FIG. 4 was co-fired at 850* C. for 3 lithic ceramic substrate of ccramic selected from ear- 
to 4 hours in air. 50 bides, nitrides, oxides and borides. 

FIG. 5 depicts the shrinkage obtained on co-firing. 12. The substrate of claim 9 wherein at least one of (a) 

The graph denoted by reference numeral 56 represents or (b) or (a) and (b) is printed with a metal conductive 

the co-fired product of FIG. 4. The graph denoted by pattern. 

reference numeral 58 represents a single predominantly 13. The substrate of claim 9 wherein the layer (a) has 

glass 50 micron thick layer (containing 0% by volume 55 a low dielectric constant and the layer (b) has either a 

aluminum nitride ceramic and 100% by volume glass on low or high dielectric constant or is a resistor, 

a glass plus ceramic basis). Results of similar shrinkage 14. The substrate of claim 13 wherein the layer (b) has 

with some variation in respect to times are obtained electro-optic properties. 

with a single predominantly glass 50 microns thick layer 15. A multilayer green substrate assembly for fabrica- 

oontaining up to 40% ceramic on a glass plus ceramic 60 tion of multilayer packages with metal circuits, said 

basis. Similar results are obtained with tapes of other multilayer green substrate comprising: 

thicknesses falling in the ranges described earlier. (a) at least one layer predominantly containing glass 

Variations will be evident to those skilled in the art particles held together by an organic binder, 

Thus the invention is defined by the claims. (b) at least one layer predominantly containing ce- 

What is claimed is: 65 ramie particles held together by an organic binder, 

1. A multilayer green substrate assembly for sintering said ceramic particles being composed of ceramic 

to provide a multilayer circuit, said multilayer green material which is wetted by the glass without sig- 

substrate comprising: nificant dissolution or sintering, being such as to 
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remain rigid at sintering temperatures and being 
such as to stabilize the substrate against shrinkage 
in the x-y plane on sintering and to substantially 
constrain shrinkage on sintering to the z-direction. 

16. The assembly of claim 15 which consists of a three 5 
layer structure where the outer layers are layers (a) 
which contain on a glass plus ceramic basis at least 60% 
by volume glass and a middle layer (b) which contains 
on a glass plus ceramic basis at least 60% by volume 
ceramic. 10 

17. In the method for producing a self standing sub- 
strate for a multilayer circuit which method comprises 
the steps of tape casting, screen printing, stacking, lami- 
nating, and removing organic binder to provide a green 
multilayer assembly comprising glass and ceramic 15 
which is composed or material which is wetted by the 
glass without significant dissolution or sintering, and 
co-firing, the improvements comprising co-firing under 

a pressure applied in the z-direction and with shrinkage 

20 



essentially only in the z-direction and essentially no 
shrinkage in the x-y plane. 

18. The method of claim 17 wherein the co-firing is 
carried out with the green multi-layer assembly built on 
a monolithic ceramic substrate thereby to provide 
greater reliability by the elimination of delaminaiion 
and interface defects that otherwise result from shrink- 
age in the x-y plane. 

19. The method of claim 18 wherein co-firing is car- 
ried out under a pressure applied in the z-direction in 
the range of 3 to 30 psi thereby to prevent warping and 
improve adhesion between layers and said monolithic 
ceramic substrate. 

20. The method of claim 17 where co-firing is carried 
out under a pressure applied in the z-direction in the 
range of 3 to 30 psi thereby to improve adhesion be- 
tween layers and to reduce the possibility of warping. 

* * * * * 
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